A new throttling flow calorimeter has been incorporated into the recycle facility of the Thermal Properties Laboratory. Energy is added to the expanding gas while it flows through a stainless steel capillary tubing from an insulated resistance wire located inside the entire length of the capillary. The calorimeter is designed to operate a t pressures up to 2,000 Ib./sq.in.abs. in the temperature range from -240 to +250"F.
A knowledge of the thermodynamic properties of both pure components and mixtures over wide ranges of pressure and temperature is desirable for use in engineering design and for comparison with theoretical calculations or correlations of these properties. The effect of temperature on enthalpy using an isobaric flow calorimeter has been determined at the University of Michigan for a number of pure components and mixtures (1 7, 20, 21, 2 3 ) . For complete definition of the thermodynamic properties, a knowledge of the effect of pressure upon enthalpy is also required. Values of this effect can be estimated from P-V-T data, but differentiation of the data is required with consequent loss of accuracy of about one order of magnitude. Values can also be calculated from equations of state with constants evaluated from various types of thermodynamic data. Direct determinations of high accuracy are desirable either for immediate use, for obtaining constants in an equation of state, or to serve as a check on other thermodynamic data and/or theories.
Joule-Thomson measurements, which require determination only of the temperature change associated with a pressure drop, were considered because of the experimental simplicity. However, with the notable exception of Roebuck (29, 3 0 ) , few workers have been able to prevent significant heat leak which invalidates the results. The problem of heat leakage can be minimized by determination of the isothermal throttling effect. The first accurate measurements of this type were made in 1932 by two different investigators. Eucken, Clusius, and Berger ( 13) employed a throttling valve, and after the gas expanded, it was passed over heating wires to bring the outlet temperature back to that of the inlet. Keyes and Collins (18) used a platinum capillary to cause the pressure drop and the capillary itself served as the resistance heater. In later models (6, 7), a heating element consisting of resistance wire supported upon Pyrex tubes was inserted into a short length of tubing. Some workers (1, 32) have used removable orifices to cause the pressure drop, but recently workers have used throttling valves (5, 16) or the capillary tube ( 1 4 , 3 3 ) .
This paper reports the development of a calorimeter for accurate measurements of the ispthermal effect of pressure on enthalpy, it presents data obtained on a mixture of methane and propane, and compares the experimental results with other data and prediction methods.
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THERMODYNAMIC RELATIONS
For a properly designed flow calorimeter, operated under steady state conditions with negligible potential and kinetic energy effects, the first law of thermodynamics reduces to Q -w ( g T 2 . p~ -HT1,Pl)s =
( 1 ) F
With proper care, the rate of heat leak, Q, can be made negligible. In operation the outlet temperature, T2, is brought to approximately the same value as the inlet temperature, TI, and a correction is made for this small difference by using values of C, at the outlet pressure:
Equation ( 
Values of 4 can be derived from P-V-T data or an equation of state using the relation:
The virial equation of state, which is derived from statistical mechanics, is a power series in density:
--This equation is sometimes written as a power series in pressure:
The coefficients of the two series are related by:
By using Equations ( 5 ) , (7) , ( 8 ) , and (9), 4 can be expressed as:
The zero pressure value of 4 is finite and depends only on B :
+ O = B -T ( z ) dB
For mixtures, B has the form:
and Experimental values of 4 can be integrated to obtain enthalpy departures for comparison with correlations using the following equation:
THE ISOTHERMAL THROTTLING CALORIMETER
A detailed drawing of the calorimeter developed in the course of this work is shown in Figure 1 . The pressure drop is caused by passing the fluid through a fine capillary. This method has been used previously; however, this calorimeter is unique in that an insulated heating wire passes inside the capillary and electrical energy is added to make the outlet temperature essentially equal to that at the inlet.
The calorimeter is part of a recycle system described earlier ( 2 4 ) . In this system, the fluid is brought to the desired conditions of pressure and temperature and enters the upper portion of the calorimeter vacuum jacket. Here the pressure tap and thermowell serve to measure the inlet conditions of the fluid, before it passes to the throttle chamber, Inside the chamber is a removable capillary coil which causes the pressure drop in the fluid. In this work, three different capillary sizes were employed of 16 Birmingham Wire Gauge, 17 Birmingham Wire Gauge, and 19 Birmingham Wire Gauge hypodermic tubing, all about 10 ft. in length. (The nominal I.D. of these capillaries is 0.047, 0.042, and 0.027 in. respectively.) The chamber closure is a temperature compensated coupling using a stainless steel O-ring. Although this closure was initially successful, the seal was found to leak after it had been opened a number of times. It was necessary to uze 1 mil Mylar gaskets on both sides of the O-ring for subsequent experiments to obtain a seal.
When 4 is negative, the fluid temperature tends to decrease as the pressure drops. To offset this cooling effect, electrical energy is added to the flowing fluid by means of an insulated Nichrome resistance wire (36 Brown and Sharp wire gauge, nominal 0.005 in. O.D.) which is inside the capillary. The lead wire for this heater is brought from the vacuum jacket into the pressure capsule through a Conax gland, which uses a Teflon sealant. The other end of the heater wire is soldered to the low pressure end of the capillary to ground it electrically. The fluid jetting from the capillary is passed back and forth through three copper baffles to reduce kinetic energy effects and smooth out temperature fluctuations before passing to the exit thermowell and the exit pressure tap. The line in which the fluid leaves the calorimeter is enclosed by a vacuum tube for a distance of 3 ft. after leaving the calorimeter to minimize heat conduction back from the surroundings.
Efforts were made to reduce heat transfer to the surroundings. The calorimeter was immersed in a constant temperature bath controlled at the calorimeter inlet temperature. The calorimeter capsule was positioned in a vacuum jacket maintained at 1 to 5 p through the vacuum line and a radiation shield located inside the vacuum in. mercury manometer is used to measure the inlet pressure to the flow element in order to make small corrections for density and viscosity changes. Three calibrations were made during the course of the methane-propane work. A cubic equation fits alF 34 calibration points with an average deviation of 0.17%.
EXPERIMENTAL MATERIALS AND PROCEDURE
The methane used in this research had a purity of 99.7%. The propane had a minimum purity of 99.9%. The composition of the mixture studied is given in Table 1 .
Using the recycle system, the mixture was brought to the desired pressure and temperature conditions at the inlet to the calorimeter. A pressure drop across the calorimeter of 100 to 300 lb./sq. in. was obtained by varying the flowrate of the fluid through the calorimeter section. The voltage supplied to the heater wire was adjusted until the temperature difference between the inlet and outlet was less than 0.05"F. When steady state was reached, usually in 30 to 60 min., values of all the pertinent variables were recorded. Table 2 . (31 ) .
Enthalpy departures were calculated from the experimental data using Equation (14) for comparison with results obtained from other data and generalized enthalpy correlations. These experimental values are listed in the first column of Table 3 . The direct determinations of AH, for a mixture of methane and propane made by Dillard (10) using the calorimeter described by Yarborough and tions and the values derived directly from P-V-T data.
The data of Dillard are not precise; however, the average of his experimental values agrees with the present experiments except at the highest temperature. 
